DOCUMENT RESUME 


ED 115 492 SE 019 855 
AUTHOR Romberg, Thomas A.; Glove, Richard 
TITLE Process Models for Predicting the Difficulty of 


Multiplication Problems Using Flow Charts. (Part 2 of 
2 Parts). Technical Report No. 337. 

INSTITUTION Wisconsin Univ., Madison. Research and Development 
Center for Cognitive Learning. 

SPONS AGENCY National Inst. of Education (DHEW), Washington, 


D.C. 
REPORT NO WRDCCL-TR-337-Pt-2 
PUB DATE Jul 75 
CONTRACT NE-C-00-3-0065 
NOTE 47p.; Report from the Project on Conditions of School 


Learning and Instructional Strategies; The problem 
statement and results are presented in Part 1, SE 019 


854 
EDRS PRICE MF-$0.76 HC-$1.95 Plus Postage 
DESCRIPTORS *Cognitive Processes; Elementary Education; 


*Elementary School Mathematics; Flow Charts; 
Instruction; Learning; *Mathematics Education; 
Models; *Multiplication; Problem Solving; 
: *Research 
IDENTIFIERS Research Reports 


ABSTRACT 

ued The purpose of this study was to determine whether a 
process model could be constructed using steps identified from flow 
charts which accounted for somewhat more variance in predicting the 
difficulty of two-digit multiplication problems than did a process 
model developed by Cromer. Cromer's data and variables were used as a 
starting point. Ten new variables were identified from multiplication 
and addition flow charts. Seven basic models, 4 reduced models, 10 
factor models, 24 one-variable models, and a set of systematic 
restricted models were examined. Multiple regression analysis was 
used to predict difficulty. The overall results indicate that the 
flow chart variables do produce somewhat better models. This volume 
is the second of two parts dealing with this study, and includes a 
discussion of results and the appendices. (Author/SD) 


JES IOI GIE IOI IGIIDIGIIOIOIGIGO IDI IAIOISIOIIOIDIOIDIDII I IOIOI OIG IRI AOI IOI i 
* Documents acquired by ERIC include many informal unpublished * 
* materials not available from other sources. ERIC makes every effort * 
* to obtain the best copy available. Nevertheless, items of marginal * 
* reproducibility are often encountered and this affects the quality * 
* of the microfiche and hardcopy reproductions ERIC makes available * 
* via the EPIC Document Reproduction Service (EDRS). EDRS is not * 
* responsible for the quality of the original document. Reproductions * 
* * 
* * 


supplied by EDRS are the best that can be made from the original. 
2 III IO IO IOI III ao nie 


TECHNICAL REPORT NO. 337 
(PART 2 OF 2 PARTS) 


process models for 
rr predicting the 
difficulty of 
multiplication 
problems using 
flow charts 


JULY 1975 


WISCONSIN RESEARCH 
AND DEVELOPMENT 
CENTER FOR 
COGNITIVE LEARNING 


SE 0/9 %55 


US DEPARTMENT OF HEALTH, 
EDUCATION & WELFARE 
NATIONAL INSTITUTE OF 

EDUCATION 


THIS OCU ANT HAS BEEN REPRO- 


ey. 
4 
— 


ED11549 


Technical Report No. 337 (Part 2 of 2 Parts) 


PROCESS MODELS FOR PREDICTING THE DIFFICULTY 
OF MULTIPLICATION PROBLEMS USING FLOW CHARTS 


by 


Thomas A. Romberg 
Richard Glove 


Report from the Project on 
Conditions of School Learning and 
Instructional Strategies 


Thomas A. Romberg 
Principal Investigator 


Wisconsin Research and Development Center 
for Cognitive Learning 
The University of Wisconsin 
Madison, Wisconsin 


July 1975 


2 

“ 

vs) 

ow 

- QA 
WW 

Ww 


Published by the Wisconsin Research and Development Centur for Cognitive Learning, 
supported in part as a research and development center by funds from the National 
Institute of Education, Department of Health, Fducation, and Welfare. The opinions 
expressed herein do not necessarily reflect the position or policy of the National 
Institute of Education and no official endorsement by that agency should be inferred 


Center Contract No. NE-C-00-3-0065 


ii 


3 


WISCONSIN RESEARCH AND DEVELOPMENT 
CENTER FOR COGNITIVE LEARNING 


MISSION 


The mission of the Wisconsin Research and Development Center 
for Cognitive Learning is to help learners develop as rapidly 
and effectively as possible their potential as human beings 
and as contributing members of society. The R&D Center is 
striving to fulfill this goal by 


@ conducting research to discover more about 
how children learn 


developing improved instructional strategies, 
processes and materials for school administrators, 
teachers, and children, and 


offering assistance to educators and citizens 
which will help transfer the outcomes of research 
and development into practice 


PROGRAM 

The activities of the Wisconsin R&D Center are organized 
around one unifying theme, Individually Guided Education. 
FUNDING 

The Wisconsin R&D Center is supported with funds from the 
Nacional Institute of Education; the Bureau of Education for 


the Handicapped, U.S. Office of Education; and the University 
of Wisconsin. 


at 


TABLE OF CONTENTS 


List of Tables .... 

List of Figures 

Abstract ..... 

The Problem and Models . 
Introduction 
Variables . . 

Models .... 
Results ...... 
Discussion of Results 
References ...... +e. 


Appendix A - Table 58 Raw Data. . 


Appendix B - Summary of Restricted 


Table 


LIST OF TABLES 


Correlation Matrix: 25 Flow Chart-- 
Cromer Variables ........2.++ 2 eee 


Basic Regression Statistics: Modell ... 


Proportion of Variance Accounted for by 
the Factors: Modell ........2.se-. 


Rotated Factor Matrix: Modell ....... 
Basic Regression Statistics: Model lF... 
Basic Regression Statistics: Model l1FC .. 
Comparison of R? for Models 1, 1F, and 1c . 
Basic Regression Statistics: Model2 ... 
Comparison of R? for Models 1 and2 .... 
Basic Regression Statistics: Model 3... . 


Proportion of Variance Accounted for by 
the Factors: Model 3. .....4..+ee8-e 


Rotated Factor Matrix: Model 3. ...... 
Basic Regression Statistics: Model 3F ... 
Basic Regression Statistics: Model 3FC .. 
Comparison of R? for Models 1, 3, 3F, and 3FC 
Basic Regression Statistics: Model4 ... 


Proportion of Variance Accounted for by 
the Factors: Model 4. .....-+.-.+.ee-. 


Rotated Factor Matrix: Model 4. ...... 


Basic Regression Statistics: Model 4F ... 


vii 


6 


14 


15 


16 


17 


18 


19 


20 


22 


23 


24 


25 


25 


26 


27 


28 


29 


30 


31 


32 


Table 
20 
21 


22 


23 
24 


25 


26 


27 


28 
29 


30 


31 


32 


33 
34 


35 


36 


37 


38 
39 


40 


LIST OF TABLES (cont. ) 


Comparison of R? for Models l, 1F, 4, and 4F 


Basic Regression Statistics: Model 5. . 


Proportion of Variance Accounted for by 
the Factors: Model 5. ......+24..-. 


Rotated Factor Matrix: Model 5. . 
Basic Regression Statistics: Model 5F.. 


Comparison of R? for Models 3, 3F, 3FC, 4, 
DRANG LSE ww oS Gh ws ene es cs 


Basic Regression Statistics: Model 6... 


Proportion of Variance Accounted for by 
the Factors: Model6 ...... 


. 


Rotated Factor Matrix: Model 6. ...... 


Basic Regression Statistics: Model 6F.. 


Comparison of R? for Models 3, 3F, 3FC, 5, 
SE, 6; €nd GF 4.6) 6a &@ 8 we 8s 


Basic Regression Statistics: Model 7 


Proportion of Variance Accounted for by 
the Factors: Model 7....... 


Rotated Factor Matrix: Model7....... 


Basic Regression Statistics: Model 7F.. 


Comparison of R? for Models l, 1F, 1FC, 4, 
65: Te ANG. TE es a ie we we ta, eS 2 


Basic Regression Statistics: Model 8. . . 


?roportion of Variance Accounted for by 


the Factors: Model 8. ........e.. 


Rotated Factor Matrix: Model 8. ..... 
Basic Regression Statistics: Model 8F . 


Comparison of R? for Models 3, 3F, 3FC, 5, 
5F, 6, 6F, 8, and 8F......-.2.2e6-. 


54 


55 


Table 
41 


42 


43 
44 


45 


46 


47 


48 
49 


50 


51 


52 


53 
54 
55 
56 
57 
58 
59 
60 
61 


62 


LIST OF TABLES (cont. ) 


Basic Regression Statistics: Model 9... 


Proportion of Variance Accounted for by 
the Factors: Model9 .......+24.-, 


Rotated Factor Matrix: Model 9. ..... 
Basic Regression Statistics: Model 9F . . 


Comparison of R? for Models 1, 1F, 1FC, 4, 
QF). 75. 7B 85-9). ANG OF ecg es ee wee 


Basic Regression Statistics: Model 10. . 


Proportion of Variance Accounted for by 
the.Factors: Model 10........4.. 


Rotated Factor Matrix: Model 10..... 
Basic Regression Statistics: Model lOF. . 


Comparison of R? for Models 3, 3F, 3FC, 5, 
SF, 6, 6F, 8, 8F, 10, and 1lOF ...... 


Basic Regression Statistics: Model ll... 


Proportion of Variance Accounted for by 
the Factors: Model ll.......... 


Rotated Factor Matrix: Model ll..... 
Basic Regression Statistics: Model llF. . 
Comparison of Models ........e8e8-. 
Summary of One-Variable Models ...... 
Summary of All Major Models Considered . . 
Raw Data . . 2. 2 «© © © © © © © oe oe ww 
Summary of Restricted Models for Model 1 . 
Summary of Restricted Models for Model 1F 

Summary of Restricted Models for Model] 1FC 


Summary of Restricted Models for Model 2. 


ix 


60 


61 


63 


64 


65 


66 


67 


68 


69 


70 


71 


72 


75 


80 


92 


93 


94 


95 


Table 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 


80 


Summary 
Summary 
Summa ry 
Summary 
Summary 
Summary 
Summary 
Summary 
Summary 
Summary 
Sumnary 
Summary 
Summary 
Summary 
Summary 
Summa ry 


Summary 


Summary 


LIST OF TABLES (cont. ) 


Restricted 


Restricted 


Restricted 


Restricted 


Restricted 


Restricted 


Restricted 


Restricted 


Restricted 


Restricted 


Restricted 


Restricted 


Restricted 


Restricted 


Restricted 


Restricted 


Restricted 


Restricted 


Models 


Models 


Models 


Models 


Models 


Models 


Models 


Models 


Models 


Models 


Models 


Models 


Models 


Models 


Models 


Models 


Models 


Models 


for 


for 


for 


for 


for 


for 


for 


for 


for 


for 


for 


for 


for 


for 


for 


for 


for 


for 


Model 


Model 


Model 


Model 


Model 


Model 


Model 


Model 


Model 


Model 


Model 


Model 


Model 


Model 


Model 


Model 


Model 


Model 


10F 


11lF 


100 


101 


102 


103 


104 


105 


106 


107 


108 


109 


110 


111 


112 


113 


LIST OF FIGURES 


\ 


Figure Page 


1 Flow chart for the multiplication part of a 
multiplication problem... . 2. 2 ee eee ee ee we 5 


2 Addition flow chart .. 2... 0.0020 eee eee 7 


10 


ABSTRACT 


The purpose of this study was to determine whether a process 
model could be constructed using steps identified from flow charts 
which accounted for somewhat more variance in predicting the difficulty 
of two-digit multiplication problems than did a process model developed 
by Cromer (1971). Cromer's data and variables were used as a starting 
point. Ten new variables were identified from multiplication and 
addition flow charts. Seven basic models, 4 reduced models, 10 factor 
models, 24 one-variable models, and a set of systematic restricted 
models were examined. Multiple regression analysis was used to 
predict difficulty. The overall results indicate that the flow 
chart variables do produce somewhat better models. 
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III 
DISCUSSION OF RESULTS 


The basic purpose of this study was to determine whether adapta- 
tion of Cromer's models could account for more of the variance. The 
adaptation consisted of replacing Cromer's variables OA and OM with 
10 variables obtained by counting the number of the various types of 
steps involved in following a flow chart routine for the multiplica- 
tion of two-digit by two-digit numbers. This model (Model 4) accounted 
for somewhat more of the variance than did the basic Cromer model 
(Model 1). Model 4 had an R* value of .7855 and Model 1 had an R2 
value of .7763, and the corrected R2 values were .7564 and .7558 for 
Models 4 and 1, respectively. 

When considering the individual contributions made by each of the 
variables in Model 4, it was apparent that very few of the variables 
made a significant individual contribution. It was therefore decided 
to try several other models in which the 10 new variables would be 
kept intact and some of the other process variables would be deleted. 
Model 7 used only the 10 new variables and the 4 digit variables and 
had an R2 value of .7613 with a corrected R2 value of .7428. The3e 
values are only slightly less than the values from Model 4. 

Next, a model was constructed which used the 4 digit variables, 
the 10 new variables, and the process variables LDF, SDF, NDP, SMD, 
and LFS. This model (Model 9) had an R2 value of .7831, which is only 
slightly below the values in Models 1 and 4. However, the corrected 
R? value (.7585) was larger than for all other models. 

The last model (Model 11) deleted SMD from the previous model and 
yielded an R2 of .7665 and a corrected R2 of .7417. These are the 
second lowest values for any of the process and digit models. 

Overall, Model 9 yielded the highest corrected R2 value, and Model 
4 the highest R2 value. Table 57 summarizes the basic characteristics 
of all the models considered. 


The following conclusions may be drawn: 


1. The new flow chart variables do produce models that 
account for somewhat more of the variance in diffi- 
culty than do Cromer's models. 

2. All of the process models accounted for less of the 
variance in difficulty than did the corresponding 
process and digit models. 

3. In all cases, the models produced from the factor 
analysis accounted for less of the variance than 
did the corresponding complete model. The smallest 
difference between a full model and a factor model 
was an R? of .0144 and a corrected R* of .0058 
for Models 10 and 10F. Comparisons between the 
different factor models should be made carefully, 


73 


le 


since each group of factors accounted for somewhat 
different percentages of the total factor variance 
and of the total variance. 

4. Other than in the models generated from the factors, 
most of the variables did not account for a signif- 
icant percentage of the independent varianci:. This 
can be expected to a certain extent, since NDM + NOM + 
NWM = TSM and NDA = NOA + NWA = TSA. 

- 5. The factor analysis of the models containing the 10 
new variables fairly consistently yielded factors 
which seemed to correlate highly with a set of multi- 
plication variables, a set of addition variables, a 
set of variables relating to the number of digits 
carried in multiplication, and a set relating to the 
number of digits carried in addition. 


When the other process and digit variables were considered along with 
the 10 new variables, the factors extracted correlated highly with 

the four types of factors listed above, or with the order of the 
numbers, the size of the numbers, or the number of digits in the prod- 
uct. This would suggest that perhaps a better set of variables could 
be found to represent these factors. The present variables do, however, 
appear to be fairly representative of the factors. 


Several ideas for future research are suggested by the results of 
this study: 


1. The flow charts could be shortened or improved to 
give a better reflection of the method that an 
individual would use in solving a multiplication 
problem. 

2. The variables YDM and YDA need to be examined to 
determine if tHe questions are being asked in the 
proper way, or whether they should be phrased nega- 
tively. 

3. There is a need for investigation into whether this 
procedure of using a flow chart works equally well 
for other arithmetic operations and whether counting 
the number of steps involved in completing a routine 
is useful. 


Counting the steps of various types followed in a flow chart routine 
appears to be a fairly good scheme for building a process model for 
multiplication problems. Including variables dealing with the size of 
the numbers and the number of digits in the product with the flow chart 
variables produced the best models. Whether this procedure would work 
equally well for other arithmetic operations will have to be established. 
It is hoped that this information will prove usetul in developing a 
general theory of mathematics learning. 
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TABLE 57 


SUMMARY OF ALL MAJOR 
MODELS CONSIDERED 


2 Corrected 

Model R R2 
Cromer's Models 
Complete 

1 - 7763 - 7558 

1lF - 7053 -6924 

1FC -6572 - 6487 
Digit 

2 6879 -6802 
Process 

3 7454 . 7309 

3F 6626 -6545 

3FC 6049 -5977 
New Models 

4 7855 

5 7405 

5F - 6926 

6 6400 

6F 5877 

7 7613 

TF - 6495 

8 7404 

8F 7016 

9 7831 

oF 7339 

10 7245 

10F -7101 

LL 7665 

11F +7143 
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pee, SB <2 8 8 1 5 2 4 3 12 3 al 2 4 9 By. 3 oO 1 8 41 4 0 1 -30 
44 8 0 3 z 7 0 4 4 us 4 0 3 4 #11 di 2 “Op 0 8 O 4 0 (¢) 24 
no 45 7 3 8 3 7 1 6 4 17 4 ak 5 4 13 3 5 1 1 8 3 + 0 1 27 
wo 46 8 Z 3 7 7 1 6 4 17 4 2 7 4 15 4 5 Z 2 8 2 4 0 0 231 
47 2 5 3 9 7 2 8 ” 19 4 1 3. 3s 20 Z- (Or “O° 2 9 2 3 0 z 19 
48 2 0 7 1 5 1 2 <3 10 3 1 2.4 9 0 2 OO 7 0 4 0 1 12 
49 9 7 4 5 74 2 8 4 19 4 2 7 4 15 4 6 2 2 9 4 “ 0 ie) 239 
50 2 2-23 7 7 2 8 4 19 4 0 3.4 11 1 6 O 2 7. 2 4 2: 1 15 
Sl 2 3 39 0 5 3 4 3 12 0 0) 0 0 0 0 2 0 ne 5 0 4 0 4 22 
52 4 3 0 4 } 2 4 2 ala 0 0 ee) 0 0 3; Oo 1 4 0 3 ie) 0 12 
53) L 9g i. 5 1 2° Be 30 4 2 4 4 12 2 2, DL Q 9 1 4 0 1 224 a 
54 1 7 ” 8 7 2 8 4 19 4 2 5 3 12 3.4 1 2 8 1 3 0 1 -30 ’ 


os ae, 8 5 0 5 3 4 3 12 0 0 oa) ie) te) 3 «0 1 8 O 4 (0) zt 14 


TABLE 58 (continued) 


Form 2 


88 


Problem Characteristics Gen. 
ORD TDF UDF TDS UDS NDM YDM NOM NWM TSM NDA YDA NOA-‘NWA TSA OA OM DCA DCM LDF SDF NDP _ SMD LFS DIFF 


56 2 1 9 5 7 0 4 4 15 4 0 3 4 #11 1 2 0 0 9 1 4 0 1 13 
57 7 1 7 7 6 io2 3 i 4 2 7 4 #15 4 2 2 0 a 2 4 1 1 13 
58 6 Sw co 4 7 2 8 4 19 4 1 5 4 13 3 6 1 2 6 4 4 0 0 21 
59: -9 9 5 2 7 2 8 4 19 4 2 7 4 #15 4 6 2 2 9. 2 4 1 0 26 
60 4 9 3 7 7 2 8 4 19 4 1 5 4 13 3.6 A. 2 2 33 4 ie) ce) 235 
61-5 4 0 2 5 A =2- 32 9 0 0 0 oO 0 0 2 0 90 5 0 3 te) 0 02 
62 9 1 8 5 7 0 4 4 15 4 1 5 4 13 3 2 1 #0 9. 2 4 0 0 : 26 
~~ 63 6 5 4 3 7 2 8 4 19 4 fe) 3 4 #121 1 6 0 2 6 3 4 ie) 0 21 
64 8 4 9 0 5 3 4 3 12 0 0 0 oO 0 0 3 0 1 9 #0 4 0 1 -23 
65 2 4 5 9 7 2. 8 4 19 4 0 3. 4 FW T> 6: -0. 2 9-2 4 0 1 21 
66 9 Oo 6 O00 4 5 1 2 2 9 0 ce) 0 #0 0 o 1 0 0 9 #0 3 0 ie) -10 
67 7 8 3 2 7 2 8 4 19 4 0 3 4 til 2 6 0 2 8 2 4 0 0 21 
68 4 6 2 0 5 3 & 3 22 0 0 0 oO 0 0 3 0 1 6 O 3 0 0 015 
69 2 2 #4 9 7 1 6 4 #17 4 3 a -say 22 4 & 2 2 9 2 4 1 1 -16 
70 1 4 5 3 7 2 8 4 19 3 2 2 3 8 0 4 0 2 5 1 3 0 1 24 
71 4 9 68 1 5 2 4 3 #12 3 Da 2 4 9 E 3: Oe. or -1 4 0) 1 234 


TABLE 58 (continued) 


Form 2 


Problem Characteristics Gen. 
NDA YDA NOA NWA TSA OA OM DCA DCM LDF SDF NDP _ SMD_LFS 


ORD TDF UDF TDS UDS NDM YDM NOM NWM TSM 


19 4 


4 1 5 13 3 6 


iS 1 5 4 13 2 


75 8 3 8 4 7 2 8 4 19 4 0 3 4 Qi 2 6 0 2 8 3 0 1 31 


76 6 1 9 8 7 0) 4 4 15 4 1 5 4 13 3 2 dy a 9 1 0 ZL 27 


19 12 


19 13 


13 


12 


11 0 


3 7 2 8 4 19 4 2 2  & 35 4 6 2 2 6 3 4 1 0 -29 
3 7 2 8 4 19 4 0 3 4 Ql 2 6 0 2 9 3 ‘4 0 1 -29 
7 6 2 4 38 3 4 2 7 4 15 4 6 2 2 9 6 4 Ls y, 36 
4 7 2 8 4 ¥9 4 0 3 4 #11 i 6 @ 2 9 3 4 0 1 28 


6/0 


Variable 
Omitted 


eee eee 


None 


SUMMARY OF RESTRICTED MODELS FOR MODEL 1 


TABLE 59 


Corrected 


.7558 
7568 
7554 
17337 
£7453 
7419 
7376 
7525 
7524 
7517 
.7531 
7536 
7449 
7529 


«7574 


2b 


df 


14/153 
13/154 
13/154 
13/154 
13/154 
13/154 
13/154 
13/154 
13/154 
13/154 
13/154 
13/154 
13/154 
13/154 


13/154 


‘Significance 
Level 


-0000 
-0000 
.0000 
.0000 
.0000 
-0000 
-0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


.0000 


TABLE 60 
SUMMARY OF RESTRICTED MODELS FOR MODEL 1F 


Variable Corrgcted Significance 
Omitted R Level 
None 6924 -0000 
DCM - 5830 - 0000 
6237 - 0000 
+6759 -0000 
6904 -0000 
-6812 -0000 
- 6642 - 0000 


- 6646 - 0000 


Corrgcted Significance 
R Level 


- 4315 -0000 
+5485 -0000 
- 6038 -0000 
- 6130 - 0000 
+6292 - 0000 
- 6646 ; -0000 


6924 +0000 


TABLE 61 


SUMMARY OF RESTRICTED MODELS FOR MODEL 1FC 


Variable F 
Omitted 2 Ratio 


78.11 
69.86 
78.31 
77,21 


100.98 


Variable Corrgcted F 
Added R Ratio 


Significance 
Level 
.0000 
.0000 
.0000 
.0000 


.0000 


Significance 
Level 


nh SS SS 


127.77 
102.46 
100.98 


78,11 


.0000 
.0000 
.0000 


.0000 


Ce ea do se ee ee ee 
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TABLE 62 
SUMMARY OF RESTRICTED MODELS FOR MODEL 2 


i 


Variable R" Corrected F df Significance 
Omitted R* Ratio Level 
ee a a ee a eT ne a 
None - 6879 6802 89.82 4/163 .0000 
TDF 6453 6388 99.44 3/164 .0000 
UDF - 4632 24534 47.17 3/164 .0000 
TDS 04363 -4258 42.28 3/164 .0000 


UDS 25352 -5267 62.96 3/164 .0000 


TABLE 63 
SUMMARY OF RESTRICTED MODELS FOR MODEL 3 


Variable R Corrge ted F df Significance 
Omitted R Ratio Level 
None 7454 . 7309 51.40 9/158 - 0000 
OA .7214 . 7073 51.45 8/159 -0000 
OM e251 7218 55.27 8/159 -000C 
DCA 7395 6264 56.42 8/159 . 0000 
DCM 7206 7066 51.27 8/159 -0000 
LDF 6963 6810 45.56 8/159 . 0000 
SDF 7271 7133 52.95 8/159 . 0000 
NDP 7145 7001 49.74 8/159 -0000 
SMD 7209 7068 51.33 8/159 .0000 
LFS 7448 7320 58.02 8/159 - 0000 


30 
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TABLE 64 
SUMMARY OF RESTRICTED MODELS FOR MODEL 3F 


i 


a 


Variable R? onrected F ‘ df Significance 
Omitted R Ratio Level 
None - 6628 -6545 80.90 4/163 .0000 
DCM -5778 -5701 74.81 3/164 .0000 
OA oo 5918 »5844 79.27 3/164 , .0000 
NDP -6108 -6037 85.80 3/164 -0000 
SMD -6377 -6310 96.21 3/164 -0000 


Variable Re Corrgcted F df Significance 
Added R Ratio Level 
ee 
DCM 4349 -4315 127.77 1/166 ,0000 
+0A - 5783 .5732 113.13 2/165 .0000 
+NDP . 6377 - 6310 96.21 3/164 -0000 
+SMD - 6628 6545 80.09 4/163 .0000 


98 
TABLE 65 
SUMMARY OF RESTRICTED MODELS FOR MODEL 3FC 


Variable R Corrgcted F df Significance 
Omitted R* Ratio Level 
None +6049 5977 83.69 3/164 - 0000 
OM +5502 ~5447 100.90 2/165 -0000 
OA -5505 5450 101.02 2/165 .0000 ’ 
NDP -5701 5649 109.41 2/165 -0000 


Variable R Corrgceted F df Significance 
Added R Ratio Level 
OM 4871 - 4840 157.62 1/166 0000 
+0A 5701 5649 109.41 2/165 .0000 
+NDP 6049 5977 83.69 3/164 . 0000 


32 


TABLE 66 99 
SUMMARY OF RESTRICTED MODELS FOR MODEL 4 


Variable R2 Co rrge ted F df Significance 
Omitted R Ratio - Level 
None .7855 .7564 26.92 20/147 .0000 
ORD . 7836 .7559 28.21 19/148 .0000 
TDF 7175 .7487 27.19 19/148 .0000 
UDF .7538 7222 23.85 19/148 .0000 
TDS .7719 7426 26.36 19/148 .0000 
UDS .7648 . 7380 25.76 19/148 .0000 
NDM «7855 .7564 26.92 20/147 .0000 
YDM .7815 £7535 27.87 19/148 .0000 
NOM «7855 7564 26.92 20/147 .0000 
NWM .7855 7564 26.92 20/147 .0000 
TSM (7855 «7564 26.92 20/147 .0000 
NDA .7855 £7564 26.92 20/147 .0000 
YDA 7849 .7573 28.43 19/148 .0000 
NOA .7855 «7564 26.92 20/147 .0000 
NWA .7855 .73504 26.92 20/147 .0000 
TSA «7855 «7564 26.92 20/147 .0000 
DCA .7849 .7573 28.42 19/148 .0000 
DCM .7855 .7579 28.52 19/148 .0000 
LDF .7830 «7552 38.11 19/148 .0000 
SDF .7825 7545 28.02 19/148 - 0000 
NDP .7841 «7564 28.29 19/148 .0000 
SMD .7680 .7382 25.78 19/148 .0000 
LFS £7855 «7580 28.53 19/148 .0000 


TABLE 67 
SUMMARY OF RESTRICTED MODELS FOR MODEL 5 


Variable R Corrected F df Significance 
Omitted 2 Ratio Level 


UU enn NEES RE REE RERERER RR EERnnnannenS 


None -7405 -7149 28,92 15/152 -0000 
NDM «7405 .7149 28.92 15/152 .0000 
YDM +7324 .7079 29.91 14/153 -0000 
NOM «7405 . «7149 28.92 15/152 .0000 * 
NWM » 7405 -7149 28.92 15/152 .0000 
TSM -7405 .7149 28.92 15/152 .00C0 
' NDA »7405 .7149 28.92 15/152 -0000 
YDA «7404 .7167 31.17 14/153 0600 
NOA ~7405 »7149 28.92 15/152 .0000 
NWA - 7405 «7149 28.92 15/152 .0000 
TSA ~7405 7149 28.92 15/152 .0000 


14/153 
14/153 
14/153 
14/153 
14/153 
14/153 


14/153 


TABLE 68 
SUMMARY OF RESTRICTED MODELS FOR MODEL 5F 

Variable Corrgcted df Signdficance 
Omitted R Level 
None 6771 -0000 
NDM 6543 -0000 
YDA +6789 +0000 
YDM 5989 -0000 
»5851 -0000 
6685 -0000 
»6791 -0000 
-6551 -0000 


+6774 -0000 


Variable Corrgcted Significance 
R 


Added Ratio Level 


NDM » 3821 104,25 -0000 
+4163 60.54 -0000 
4911 54.71 -0000 
+6469 77.33 -0000 
6505 63.18 -0000 
6489 52.44 -0000 
-6774 51.10 -0000 


-0771 44.78 -0000 
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TABLE 69 


SUMMARY OF RESTRICTED MODELS FOR MODEL 6 


eee a 


Variable R Corrge ted F df Significance 
Omitted R Ratio Level 

a a Baas a tn Nee a 
None .6400 .6217 35.34 8/159 .0000 
NDM . 6400 .6219 35.34 8/159 .0000 
YDM 6105 .5935 35.83 7/160 .0000 
NOM .6400 .6219 35.34 8/159 .0000 
NWM .6400 .6219 35.34 8/159 .0000 
TSM .6400 .6219 35.34 8/159 .0000 
NDA 6400 .6219 35.34 8/159 .0000 
YDA .6379 6221 40.27 8/159 .0000 
NOA . 6400 .6219 35.34 8/159 .0000 
NWA “6400 .6219 35.34 8/159 .0000 
TSA 6400 .6219 | 35.34 8/159 .0000 


GPO 810—146—4 


TABLE 70 163 
SUMMARY OF RESTRICTED MODELS FOR MODEL 6F 


nnn‘ OOO POO 


Variable R2 Corrge ted F df Significance 
Omitted R Ratio Level 
i te 
None .5877 .5775 58.08 4/163 -0000 
NDM -5520 5438 67.35 3/164 .0000 
YDA 5859 5783 77.34 3/164 -0000 
NWA +5002 4911 54.71 3/164 .0000 
YDM 04757 - 4661 49.60 3/164 .0000 a 
a eT 
Variable R? Corrected F df Significance 
Added R2 Ratio Level 
nt a eee 
NDM .3858 -3821 104.25 1/166 -0000 
+YDA 4233 4163 60.54 2/165. .0000 
+NWA +4757 4661 49.60 3/164 0000 
+YDM 5877 25775 58.08 4/164 .0000 


ood 


TABLE 71 
SUMMARY OF RESTRICTED MODELS FOR MODEL 7 


Variable R? Corrgcted Significance 
Omitted R Level 
None +7428 12/155 0000 
TDF 7109 11/156 0000 
UDF 6658 11/156 .0000 


[DS £7068 11/156 =, 0006 


- 7096 11/156 -0000 
+7428 12/155 +0000 
7395 11/156 -0000 
+7428 12/155 -0000 
-7428 12/155 -0000 
+7428 12/155 -0000 
+7428 12/155 +0000 
«7393 11/156 +0000 
+7428 12/155 -0000 
7428 12/155 -0000 


+7428 12/155 .0000 


TABLE 72 


SUMMARY OF RESTRICTED MODELS FOR MODEL 7F 


Variable +%R2 Corrected  -F  df Significance 
Omitted 2 Level 
None | ie .0000 
NVM .0000 
UDS 0000 
YDA .0000 
0000 
0000 
-0000 


-0000 


Variable Corrgcted Significance 
R 


Added Ratio Level 


4810 155.77 .0000 
4888 80.83 0009 
4987 56.37 -0000 
5792 58.46 .0000 
.7188 55; 22 .0000 

48.12 .0000 


42.36 0000 


6 
ss TABLE 73 


SUMMARY OF RESTRICTED MODELS FOR MODEL 8 


Variable R* Gorrpeted F df Significance 
Omitted R Ratio : Level 
None +7404 -7184 33.78 13/154 -0000 
NDM «7404 «7184 33.78 13/154 -0000 
YDM 07215 - 7000 33.47 12/155 -0000 
NOM +7404 +7184 33.78 13/154 -0000 
NWM «7404 - 7184 33,78 13/154 -0000 
TSM «7404 -7184 33.78 13/154 -0000 
NDA ~7404 7184 33.78 13/154 -0000 
YDA -7404 -7203 36.83 12/155 -0000 
NOA - 7404 7184 33.78 13/154 -0000 
NWA «7404 -7184 33.78 13/154 -0000 
TSA -7404 7184 33.78 13/154 -0000 
LDF -6722 -6468 26.49 12/155 -0000 
SDF +7235 -7021 33.80 12/155 -0000 
NDP - 7403 -7202 36.82 12/155 -0000 
SMD 07245 +7032 33.97 12/155 -0000 
LFS -7401 .7199 36.77 12/155 -0000 


40 
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TABLE 74 


SUMMARY OF RESTRICTED MODELS FOR MODEL 8F 


Variable R2 Corrected F df Significance 
Omitted R2 Ratio Level 
None .7016 . 6866 46.74 8/159 0000 
NDM 6665 6519 45.67 7/160 0000 
YDA 7011 6881 53.62 » 7/160 .0000 
YDM .6189 6022 57.42 7/160 .0000 
LDF .6068 . 5896 35.28 7/160 .0000 
SMD 6912 .6777 51.16 7/160 0000 
LFS .7016 . 6886 53.75 7/160 .0000 
NWA 6696 6551 46.38 7/160 0000 
NDP .7016 6885 53.73 7/160 .0000 
a gee ia a a ee 
Variable Re Corrgcted a: dé Significance 
Added R Ratio Level 
NDM 3858 3821 104.25 1/166 0000 
+YDA 4233 4163 60.54 2/165 0000 
+YDM 5002 4911 54.71 3/164 0000 
+LDF 6549 6464 77.33 4/163 0000 
+SMD . 6610 6506 63.18 5/162 .0000 
+LFS 6615 6489 52.44 6/161 0000 
+NWA 7016 6885 53.73 7/160 .0000 


+NDP 7016 - 6866 46.74 8/159 - 0000 


eee 


Variable 
Omitted 


None 
TDF 


UDF 


TABLE 75 
SUMMARY OF RESTRICTED MODELS FOR MODEL 9 


Corrgcted 
R 


»7585 
~7515 
»7242 
» 7445 
«7396 
«7585 
-7514 
»7585 
- 7585 
+7585 
«7585 
«7555 
- 7585 
»7585 
«7585 
«7567 
» 7567 
»7592 
«7417 


- 7600 


17/150 
16/151 
16/151 
16/151 
16/151 
17/150 
16/151 
17/150 
17/150 
17/150 
17/150 
16/151 
17/150 
17/150 
17/150 
16/151 
16/151 
16/151 
16/151 


16/151 


Significance 
Level 


-0000 
-000U 
-0000 
-0000 
-0000 
-0000 
-0000 
-0000 
-0000 
-0000 
-0000 
.0000 
.0000 
-0000 
-0000 
-0000 
-0000 
-0000 
-0000 


+0000 


109 
TABLE 76 


SUMMARY OF RESTRICTED MODELS FOR MODEL 9F 


er 


Variable || ,¢ Corrected. df Significance 
Omitted R2 Ratio Level 
i a ree Se 
None «7339 .7187 48.41 9/158 .0000 
NWM «7165 .7023 50.24 8/159 .0000 
YDM 7065 6917 47.85 8/159 .0000 
LFS «7339 .7205 54.81 8/159 .0000 
YDA . 7328 £7194 54,52 8/159 .0000 
UDS «7305 .7169 53.87 8/159 .0000 
LDF 6595 6423 38.49 8/159 .0000 
SMD 7192 .7050 50.90 8/159 .0000 
NDA 7321 +7186 54.30 8/159 .0000 
SDF 6983 .6831 45.99 8/159 .0000 
Variable. sR’ —=sS~S*«Coregcted ==*SC*FS*~“‘*‘éMESO#*«SMGnifdcance= 
Added R Ratio Level 
rc es 
NWM 4841 .4810 155.77 1/166 .0000 
+YDM 5582 5529 104,25 2/165 .0000 
+LFS - 5606 5525 69.74 3/164 .0000 
HDA 5732 5627 54.73 4/163 .0000 
+UDS 5913 .5786 46.87 5/162 .0000 
+LDF . 6838 .6720 58.03 6/161 .0000 
+SMD . 6873 6737 50.25 7/160 .0000 
+NDA 6983 6831 45.99 8/159 .0000 
+SDF .7339 .7187 48.41 9/158 .0000 


TABLE 77 


SUMMARY OF RESTRICTED MODELS FOR MODEL 10 


Variable Corrgcted Significance 
Omitted R Level 


ae 


None 12/155 .0000 
12/155 0000 
11/156 .0000 
12/155 .0000 
12/155 .0000 
12/155 0000 
12/155 0000 
11/156 0000 
12/155 0000 
12/155 0000 
12/155 0000 
11/156 0000 
11/156 .0000 
11/156 .0000 


11/156 -0000 


Variable 
Omitted 


None 


Variable 
Added 


TABLE 78 
SUMMARY OF RESTRICTED MODELS FOR MODEL 10F 


Corrected 


Significance 
Level 


.0000 
-0000 
-0000 
-0000 
-0000 
-0000 
-0000 


-0000 


Significance 
Level 


-0000 


-0000 


-0000 


-0000 


-0000 


-0000 


-0000 


TABLE 79 
SUMMARY OF RESTRICTED MODELS FOR MODEL 11 


9 
Variable Corrgeted Significance 
Omitted R Level 


——_—— 


None .7417 16/151 .0000 
TDF - 7370 15/152 .0000 
UDF -7059 15/152 -0000 
TDS «7289 15/152 -0000 
UDS .7278 15/152 .0000 
NDM 7417 16/151 -0000 
YDM . 7380 15/152 -0000 
NOM ~7417 : 16/151 .0000 
NWM .7417 16/151 .0000 

»7417 16/151 -0000 

.7417 16/151 -0000 

7396 15/152 -0000 


~7417 16/151 -0000 


7417 16/151 .0000 


07417 16/151 -0000 
-7387 15/152 -0000 
+7422 15/152 -0000 
+7429 15/152 -0000 


+7428 15/152 -0000 
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TABLE 80 
SUMMARY OF RESTRICTED MODELS FOR MODEL 11F 
Variable R2 Corrected F df Significance 
Omitted R2 Ratio Level 
None -7143 - 6980 43.89 9/158 -0000 
NM - 6852 - 6693 43.26 8/159 - 0000 
YDM -6291 -6105 33.72 8/159 -0000 
YDA - 7130 - 6986 49.38 8/159 -0000 
TDF -7041 - 6892 47.30 8/159 -0000 
UDS - 6956 - 6802 45.41 8/159 -0000 
TDS - 7034 - 6885 47.13 8/159 -0000 
LDF - 6810 - 6650 42.44 8/159 -0000 
NWA -7083 - 6937 48.27 8/159 -0000 
NDP »7115 - 6970 49.02 8/159 .0000 
Variable R? Corrected F df Significance 

Added R Ratis Level 
NWM +4841 - 4810 155.77 1/166 -0000 
+YDM +5582 +5529 104.25 2/165 -0000 
+YDA +5712 +5634 72.93 3/164 -0000 
+TDF - 6060 5963 62.67 4/163 -0000 
+UDS - 6302 - 6188 55.22 5/162 -0000 
+TDS +6717 -6594 54.89 6/161 .0000 
+LDF 7069 +6941 55.13 7/160 -0000 
+NWA 67115 +6970 49.02 8/159 -0000 
+NDP .7143 - 6980 43.89 9/158 -0000 
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